In pr'evious publicationss from ourl laboratory we reported that beta-ionone stimulated carotenogenesis by mated cultures of Blakeslea trispora (Andersoin et al., 1958; Ciegler, Arniold, and Anderson, 19.59; Ciegler, Nelsoni, and Hall, 1962) . Because this precursor was comparatively expensive for uise in large-scale commercial fermentation, we replaced it and obtainied good yields with low-cost agricultural by-products of the citIrus industry, e.g., citrus pulp, citrus oils, and citrus molasses (Ciegler et al., 1963a, b) . These were choseni because citrus fruits produced carotenoid compounds, and because precursors of these pigments would possibly be present. Subsequently, it occuired to us that an even better potential source of carotenioid precursors might be the spent mycelium of B. trispora, remaining from the fermentationl process after carotene extractioni. Since approximately 60 g of dried B. trispora mycelia are produced per liter of medium, large quantities of material can be made available for subsequent use.
MATERIALS AND METHODS
Fermientation. The two mating strains of B. trispora A-9216 (+) and A-9159 (-) were used for all fermenitation experiments. These cultures were subsequently riedesignated as B. trispora NRRL 2895 (+) and NRRL 2896; (-) . To produce inocula, the two mnating types were trainsfeirred separately from potato-dextrose-agar slants into 500-ml Erlenmeyer flasks containing 150 Flor some experiments, a water extract was prepared by mixing the "lipid-free" mycelium with water (1:10), autoclavinig at 121 C for 10 min, aiid theIi filtering and washinig the residue with boiling water. The combined aqueous filtrates were coincentrated in a flash evaporator at 55 C so that 4 ml of the final volume were equivalent to 1 g of fat-flee mycelium. Under the above coiiditions, 20 % of the mycelium was water-extractable. The residual mycelium was air-dried at 55 C. The aqueous extract was further fractioinated by addition of an 8 'c solution of lead acetate (Jorysch, Sarris, and -Marcus, 1962 Yeasts were grown in Fernbach flasks containing 500 ml each of the following medium: glucose, 20 g; asparagine, 1.0 g; (NH4)2SO4, 3.5 g; KH2PO4, 0.5 g; K2HPO4, 0.5 g; M1gSO4 7H20, 0.5 g; NaCl, 0.1 g; ZnSO4, 400 mg; FeNH4 (SO4)2, 150 mg; CuSO4, 150 mg; and distilled water to 1 liter. Sterilization was for 30 min at 121 C.
After 6 days of growth at 28 C on a rotary shaker, yeasts were recovered by centrifugation, dried in vacuo at 55 C, and ground in a Wiley mill. Dried yeasts were used in fermentations without pentane-hexane extraction.
Bacteria were grown in Fernbach flasks containing 500 ml each of the followving broth: Tryptone, 0.5 %; glucose, 0.1 %; yeast extract, 0.5 %; K2HPO4, 0.1 %; and tap water, 1 liter; the pH was adjusted to 7.0, and sterilization was at 121 C for 20 min. Flasks were incubated for 2 days at 28 C and 200 rev/min on a rotary shaker. Bacteria were recovered by centrifugation, dried at 55 C in vacuo and ground in a Wiley mill. The dried, ground solids were used in fermentation without extraction with pentane-hexane.
RESULTS
In preliminary experiments, several concentrations of nonextracted spent mycelia (still containing lipid and 7 mg of carotene per g of dry solids), and of pentane-hexane- extracted mycelia from a previous fermentation were added to the basic fermentation medium. Extracted mycelium enhanced carotene production to about the same degree as did nonextracted mycelium (Table 1) . Hence, carotenepromoting activity must be confined primarily to the non- I Mycelium extracted with pentane-hexane and water. Analysis, 9:654-655, 1960. t Pentane-hexane-extracted.
the residue remaining after the latter treatment. Most of the carotene-enhancing activity was associated with the water-soluble fraction (Table 2 ). This experiment also showed that the increased yields resulting from addition (Zajic, 1960) , since additioni of the water extract also enhanced production. The time course of carotenie production (Table 3) ievealed that peak yields were attaiined in 6 days of fermentation in control flasks, and also in flasks to which had beein added a water extract representing 2Y % mycelium. After 8 days, mycelial lysis occurred with loss of carotene into the menstruum.
Varying concentrationis of penitane-hexanie-extracted mycelia (0.5 to 10 %/) were added to the basic medium to determine the optimal concentiration for production. Maximal yields were attained at a level of 1.5 %c (142 mg of carotenie per 100 ml of medium) with no advantage accruinig from addition of higher concenitrations (Table 4) .
Added mycelium also caused some stimulation of growth that cannot be attributed merely to an increase in the total solids added to the medium, since additioin of increasing amounts of mycelium did not give conicomitant increases in recovered solids.
Because mated cultures of B. trispora produce a variety of carotenoid pigments, we determined the percentage of /-carotenie in the fermentationi product produced in control fermentations and again after addition of pentane-hexaneextracted mycelium, water-extract, or citIrus molasses, which had been added as an enhaiicing agenit in previous investigations. The mycelial products did not adversely affect the percentage of 3-carotene produced; between 80 to 92 %o of the total carotenoids present in the final product was d-carotene (Table 5) .
We attempted to determine the nature of the caroteneenhancing substance in the water extract from the mycelium. Acetone precipitation of various protein fractions from the water extract proved unsatisfactory because the residue still containied the active principle. Additioni of ashed mycelium did not stimulate carotenogenesis. Because the role of mevalonic acid in carotene biosynthesis is well kniown, we attempted to find it by separating the organic acids in the water extract by various methods; precipitation with an 8 c aqueous solution of lead acetate (Jorysch et al., 1962) proved most successful. Both the organiic acid fractioni of the water extract and the aqueous residue after removal of organiic acids had somile "activity" but not to the same extent as the unfractioniated water extract (Table 6 ). Descendinig paper chromiiatography of the precipitated acids (Whatmiian no. 1 paper; developinig solvenit, n-butanol-formic acid-water, 4:1.5: 1; developing inidicator, bromiieresol greeni) showed the presenice pr-edominantly of citric acid with some mlalic and slight traces of another acid with an RF sinmilar to that of gluconiic or 2-keto-gluconic acid. Pazola and co-workers (unpublished data) in our laboratory obtained similar qualitative results for acids recovered from citrus molasses, a product also enhancing carotene production. In addition, they found that citric but not malic acid stimulated carotene production by B. trispora. Apparently, the enhancing activity of the water extract from mycelium is caused both by the or- VOL. 12, 196; 4 ganic acid fraction, primarily citric acid, as well as by other substances remaining in the aqueous residue. Analyses of this residue showed the presence of both protein and carbohydrate (Table 7) .
Other mz'icrobial cells. The remarkable ability of the speint mycelium of B. trispora to enhance carotene production led us to examinie various molds, yeasts, and bacteria for this ability.
Molds. Various species of molds were examined, and all weere founid capable of enhancing carotene production to var ious degrees (Table 8) . It is interesting to note that the mycelium of nonmated B. tIispora stimulated production to the same extent as did mycelium of mated cultures.
A small number of basidiomycetes were tested, and these too einhanced carotene yields (Table 9) .
Yeasts. The eight yeasts and one yeast product that were investigated gave good enhancement of carotene production (Table 10) .
Bacteria. 
